Recently much attention is given to the environmental friendly and sustainable separation process for the treatment of heavy metals. Recycling of natural materials in order to reduce the organic pollution in one hand and cost effective treatment processes by the application of such natural biowastes on the other, are the main focuses of the present investigation. Experimental results revealed that after simple chemical modification by means of saponification, apple and orange juice residues can be potentially applied for the removal of heavy metals from environment.
Introduction
There is a growing interest of using low cost materials for the treatment of heavy metals in particularly with the effective usage of biomass wastes. Large volumes of industrial and municipal wastewater frequently contain heavy metals that pose threat to human health and living beings. To date, wastewater containing heavy metals are being treated by means of precipitation, sedimentation, coagulation/floatation, filtration, membrane process, and adsorption via ion exchange. Many researchers are attracted with synthetic resin as it effectively adsorbs heavy metal ions. However, since the treatment cost by using chelating resin is relatively high, the uses of low cost materials as adsorbents for such purpose should be employed. In an attempt to reduce the prices of wastewater treatment, biomass wastes such as apple waste and orange wastes are chemically modified to improve their ion exchange behavior.
Experimental

Preparation of saponificated orange and apple juice residue (SOJR and SAJR)
Crude orange waste was provided from JA Saga Beverage Co. Ltd, Saga, Japan, just after juicing. The orange juice waste is principally composed of cellulose, hemicellulose, pectin substances, limonene, chlorophyll pigments and other low molecular weight compounds. [ 1 ] The active binding sites for metals are supposed to be the carboxylic groups in pectin substances. In order to convert the methyl ester part of pectin substances into carboxyl groups, saponification process has been carried out using calcium hydroxide as follows.
The crude orange juice wastes mixed with calcium hydroxide were milled into fine particles. It is remarkable that the use of calcium hydroxide not only facilitates the saponification but also enables to bleach out chlorophyll pigments and other low molecular weight compounds that are useless for adsorption. The saponificated gel was washed with deionized distilled water followed by decantation up to neutral pH. [2] Finally, the remaining volume of washed gel was vacuum filtered. Saponificated apple juice residue (SAJR) was prepared according to the exactly same manner. 
Evaluation of exchangeable cations
The amount of exchangeable cation contained in H+-form of SOJR gel was evaluated as 2.64 mol kg-1 . A similar analysis was made for pure pectic acid, which showed 5.65 mol kg-1. These results suggest that, instead of using pure pectic acid, a comparatively much cheaper adsorbent having the same functional analog can be prepared by a very simple method of the saponification of orange waste, which might be applied for the purpose of removing toxic heavy metals and recovering of valuable metals.
Vol.14 Supplement (2003) 3.2 Adsorption of metal ions on SOJR and SAJR gels Figure 1 shows the effect of pH on the adsorption of various metal ions by Ca2+-form saponificated orange juice residue (SOJR) at an initial concentration of 1 mmol dm 3. The selectivity order is Pb2+ >Fe3+ >Cu2+ >Cd2+ >Zn2+ >Mn2+, while adsorption of iron(III) is highest at pH > 3 . Figure 2 shows the effect of equilibrium pH on adsorptive removal of metal ions with H+-form saponificated gel, where the selectivity order is Pb2+ >Fe3+ >Cu + >Zn2+ >Cd2+ >Mn2+ >Ca2+ at low pH . The higher removal percentage of iron(III) appears in Fig, l , which 
J. ION EXCHANGE concentration of 1 mmol dm-3 as the functions of pH. In this case, selectivity for iron(III) is the highest as compared to others, which is different with the case in SOJR. This might be due to comparatively low pectic acid content in SAJR. Nevertheless, mutual separations of the tested metal ions are excellent on the SAJR. 
